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Abstract 
Research into the influence of groups on pedestrian flow dynamics has been limited. Previous research found that group size 
influences the walking velocity of pedestrians within the group and as such the capacity the pedestrian infrastructure. This 
paper’s aim is to provide quantitative insights into the influence of group size and composition of demographic characteristics on 
the distance headway pedestrians adhere to with respect to respectively other groups and other individuals within their own 
group, during bi-directional crowd movements. It is concluded that the composition of age and genders within a group, as well as 
the total size of the group influences also  the distance headway pedestrians adhere during large crowd movements. As such, the 
presence of groups changes the dynamics of the crowd movements. This can result in a decrease of the capacity of the 
infrastructure. 
© 2014 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of PED2014.  
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1. Introduction 
Research into pedestrian movement dynamics has developed rapidly over the last decades. Many researchers 
have empirically studied the movement of individual pedestrians. The influence of personal characteristics such as 
age (a.o. Navin and Wheeler (1969), Henderson (1971), Bohannon (2004)), gender (a.o. Henderson (1971)), and 
culture (a.o. Tanariboon et al. (1991), Koushki (1988)) on the walking velocity of individual pedestrians has been 
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studied in great detail. It is found that these characteristics influence the walking velocity of individual pedestrians 
severely.  
Pedestrians do, however, not always move as singular entities. Especially during leisure activities pedestrians 
move in groups. Several studies found that the presence of groups during crowd movements influences the capacity 
of the infrastructure severely (a.o. Moussaid et al. (2010), Gorrini et al. (2013)). Yet, research focusing on the 
manner in which the presence of groups in a crowd influences the crowd’s movement dynamics has been limited. 
Moreover, the research that has been done is mainly focused on the way in which the lay-out of groups influences 
the macroscopic flow variables. Improved insights into the influence of groups on the capacity are needed in order 
to improve the assessment, prediction and management of crowd movements. 
In order to understand the influence of groups on the movement dynamics of the individual, a more in-depth 
quantitative analysis of their movements is necessary. Previous research has indicated that the demographic 
characteristics of the individual and group size affected the walking velocity of an individual. To see whether also 
the distance headway of pedestrians is affected by these characteristics, this paper aims to provide quantitative 
insights into the influence of the group size and the composition of groups on the minimum distance headways 
adhered by pedestrians within a group with respect to other groups and other individuals within their own group. In 
order to do so empirical trajectory data sets featuring the movement dynamics of groups of pedestrians are analyzed.  
This study concluded that the composition of age and gender within a group, as well as the size of the group do 
not only affect the walking velocity. As a consequence, the presence of groups changes the dynamics of the crowd 
movements. Due to the occurrence of ‘clogs’, flow breakdown is expected at lower average densities for crowd 
movements with groups present than without groups. The presence of groups might therefore result in an additional 
decrease of the capacity of the infrastructure, on top of the decrease caused by the decrease in walking velocity. 
The paper starts with an introduction of the used trajectory data sets in section 2. A description of the case study, 
the methodology of recording the video sequences and the transformation of the video sequences into trajectory data 
is provided in this section. Next, section 3 elaborates on the measures used to quantify the influence of the factors on 
pedestrian movement dynamics. Both the computation method of the walking velocity and minimum distance 
headway are elaborated upon. Also the method of identification of the demographic characteristics of the pedestrians 
is mentioned. The analysis results are presented in section 4. First the trends found in the data set with respect to 
individual pedestrians are reviewed. Accordingly, the trends specifically relating to group size and group 
composition are mentioned. This paper finishes with the discussion and some conclusion in section 5. 
2. Case study and data sets 
An empirical case study was used to study the influence of groups on the microscopic movement characteristics 
of pedestrians. There was sought for a case study that contained a bi-directional flow situation, which is generally 
seen as the most simple form of interaction between pedestrians, during which groups could be clearly identified. 
The Coronation of the new king in the Netherlands provided a good opportunity to capture crowd movement data 
featuring pedestrians leisurely walking in groups through a populated corridor. During Coronation Day on the 27th 
of April 2013, 700,000 visitors assembled in the city center of Amsterdam to take part in the festivities. During the 
day, the bi-directional crowd movements were studied on the Museumbrug. Figure 1 depicts an aerial view of the 
bridge. On the bridge a bi-directional flow of pedestrian arose from and to the Museumplein. Many pedestrians 
walked around in groups. Several cyclists crossed the bridge amidst the pedestrian crowd. Also some carts, mopeds 
and vehicles were found to be present on the bridge during the day, though very infrequent. 
The movement of the pedestrians across the bridge has been monitored by 2 Multi-camera Stand Alone Video 
Installation (McSAVIs) during a large part of the day (10.00-18.00 hours). The installations are designed to record 
videos during large-scale pedestrian events within or near moving crowds. Due to its limited size, a McSAVI does 
not provide any hindrance to the movement of pedestrians, nor does it influence flow dynamics because of 
distraction as pedestrians are completely unaware of being studied. The video installation recorded from a height of 
8.5 m. The size of the capture area was approximately 13 x 13 meters. As a result of the high vantage point of the 
cameras, the occlusion of pedestrians within the video is limited. The location of the McSAVIs is indicated in figure 
1. The capturing rate of the cameras was 8 fps. This is quite low compared to ordinary cameras, but high enough to 
assess the trajectories of all pedestrians when considering the low walking velocities of pedestrians.
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Figure 1: Aerial view of study area Museumbrug – Amsterdam. In red the location of the cameras is indicated. 
The pedestrian movements in the video sequences are detected and tracked semi-automatically using the MODT-
software (Duives et al. 2012). In this case, detection is done by hand, while tracking is done automatically by means 
of the combination of a predictive Kalman filter and a histogram-based object tracking procedure (Duives et al. 
2014). Accordingly the trajectories are transformed from image coordinates to world coordinates using 
ImageTracker (Knoppers et al. 2012). Smoothing by means of locally weighted linear regression is applied to the 
trajectories in order to filter out large abrupt distortions due to the tracking procedure.   
From several hours of video material, short sequences have been selected in which pedestrians move in a bi-
directional flow situation, unhampered by bicycles, carts or vehicular traffic. In total, the trajectories of 712 
individuals moving in one of the 5 sequences used in this study. Densities ranged from 0 to approximately 3 Ȁʹ. 
3. Analysis methodology & preliminary trends 
In order to assess the movement dynamics of entire groups of pedestrians, the operational walking dynamics of 
the individuals within the groups are studied. In this study the walking velocity and distance headway adhered with 
respect to other pedestrians are two microscopic flow variables which have been used in previous studies to assess 
the operational walking dynamics. This section starts with a description of the mathematical definitions of both 
measures. Next, the manner of deducing the demographic characteristics of individual pedestrians and the 
identification of the groups are elaborated upon. 
3.1. Velocity 
During this study the walking velocity is computed as the distance walked by an individual divided by the 
elapsed time period. Due to the tracking procedure (tracking heads) and the used definition of walking velocity, the 
movements of the upper body in general and of the head in particular are taken into account in the velocity 
computation. As a consequence, also for non-moving (but side-stepping or swaying) pedestrians, a walking velocity 
larger than zero can be found. Within the video sequences no blockage occurs. Since the swaying especially 
introduces large errors at low walking velocities, the error introduced in the estimation of the walking velocity due 
to the swaying is limited.  
3.2. Minimum distance headway 
In this study anisotropic behavior of pedestrians is expected, therefore a vision field is included in the 
computation of the headway. During this study the minimum distance headway ୮belonging to pedestrian  with 
respect to all other pedestrians q is defined according to eq. 1 and the vision field of pedestrian  is defined 
according to eq. 2.  
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݇ሺݔ௣ሬሬሬሬറǡ ݐሻ ൌ
ଵ
௠௜௡ሺห௫೜ሬሬሬሬሬറሺ௧ሻି௫೛ሬሬሬሬሬറሺ௧ሻหሻ
                 ׊ ݍǡ ݌ א ܲหݔ௤ሬሬሬሬറሺݐሻ א ࢙࢖ (1) 
࢙࢖ ൌ ቄݔറ א ܺǣ ݒො௣ ή ቀሺݔǡ ݕሻ െ ݔ௣ሬሬሬሬറቁ ൒ ͲǤͷ ת ሺݔǡ ݕሻ െ ݔ௣ሬሬሬሬറ ൑ ݄௠௔௫ቅ  (2) 
where ݒො௣ is the normalized vector of the walking velocity, ݔ௤ሬሬሬሬറሺݐሻ the location of pedestrian q, ݔ௣ሬሬሬሬറሺݐሻ the location of 
pedestrian p, ݄௠௔௫is the maximum interaction distance, and ݏ௣  the vision field of 120° of pedestrian p. In this 
interpretation, only pedestrians in front of the pedestrian of focus within 60° of the current angle of movement are 
taken into account in the computation of the minimum distance headway.  
3.3. Deducing demographic and environmental factors 
Previous research found that the main demographic (age and gender) characteristics influence the walking 
dynamics of the individual. In order to make a distinction between the differences in movement dynamics due to the 
movement dynamics induced by being in a group and the differences solely due to the main demographic 
characteristics of all pedestrians have been recorded. The videos are recorded top down, as such, so it was not 
possible to determine the exact age of every person. Instead a division into age groups is made based on visible 
characteristics of the pedestrians. The used age groups are ‘child, adolescent, adult, and elderly’. Also gender could 
sometimes not be determined due to the lack of distinguishable physical features. The results with respect to age and 
gender depicted in this paper are related only to individuals and groups for which both characteristics could be 
determined.  
3.4. Group identification 
The identification of groups is based on the video sequences and performed by hand. This study assumes that 
pedestrians who stay in close proximity to each other while moving through the study area, or communicate during 
their presence within the study area, are part of the same group. Most groups were clearly distinguishable, hence 
only limited errors in the group identification are expected.  
4. Results 
In this section the results with respect to the minimum distance headway adopted by pedestrians while walking 
around across a fairly busy flat bridge in groups or as individuals are presented. In order to distinguish between 
differences in the adopted distance headway due to individual demographic differences and due to the influence of 
walking in a group, both effects are analyzed sequentially. These influences cannot be separated completely due to 
possible second-order effects. However, it is assumed that the differences in the average movement dynamics 
between all individuals and all individuals that are part of a group with a certain compositions are due to the 
composition of the group. First, the differences in walking behavior due to the demographic characteristics of the 
individual are presented. Next, the differences due to the group dynamics are shown.  
4.1. Influence of demographic differences 
The influence of gender and age on the adopted minimum distance headway are depicted in tables 1 and 2. It can 
be seen that there are slight differences in the average adopted minimum distance headway depending on the sample 
of the population one considers. Even though the differences are relatively small (maximum 0.22 m), a statistical 
test shows that only the minimum distance headway of children and adolescents are not significantly different. It is 
interesting to see that the minimum distance headway decreases with age. This is hypothesized to be due to a similar 
decrease in the adopted walking velocity, which is visible in table 2. As such, the mean time headway of elderly is 
actually larger than for all other age groups. 
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Unexpectedly, significant differences were found for both genders. However, since the found difference in the 
mean of the sub-populations is fairly small (5%), it is questionable whether the significant difference found in this 
study is really significant in practice.  
Table 1. Influence of gender on minimum distance headway 
Gender 1 Gender 2 ȝ1 ȝ 2 SS1 SS2 t-statistic Significance 
Female Male 1 1.05 13165 14108 -6.51 ** 
Table 2. Influence of age on minimum distance headway 
Age group 1 Age group 2 ȝ1 ȝ 2 SS1 SS2 t-statistic Significance 
Child Adolescent 1.18 1.14 569 343 0.92  
Adolescent Adult 1.14 1.02 343 26496 3.35 ** 
Child Adult 1.18 1.02 569 26496 5.77 ** 
Adolescent Elderly 1.14 0.92 343 513 5.81 ** 
Adult Elderly 1.02 0.92 26496 513 3.58 ** 
4.2. Group size 
The influence of group size on the minimum distance headway adopted by pedestrians is shown in table 3. The 
results for groups of 5 pedestrians are not depicted, since the data set only contains a small number of observations 
for groups containing exactly 5 pedestrians. As one can see, the mean of the minimum distance headway adopted by 
pedestrians within a group increases when the number of pedestrians in the group increases. This is quite the 
opposite from the expected trend. Two explanations are possible for this behavior. It might be that larger groups 
need more room to maneuver and as such pedestrians in large moving groups adopt larger distance headways with 
respect to other pedestrians surrounding them. Or the influence of large groups on their surrounding is such that 
other pedestrians make room for them to move. From the results it is difficult to say which of the two explanations is 
the right one. 
Table 3. Influence of group size on the minimal attained headway (120 degrees) 
Group size 1  
[nr. of peds] 
Group size 2 
[nr. of peds] 
ȝ1 
[m] 
ȝ 2 
[m] 
SS1 SS2 t-statistic Significance 
1 2 1.12 1.28 9338 5309 -14.71 ** 
1 3 1.12 1.22 9338 1266 -5.52 ** 
1 4 1.12 1.22 9338 995 -5.04 ** 
1 6 1.12 1.34 9338 351 -6.56 ** 
2 3 1.28 1.22 5309 1266 2.92 ** 
2 4 1.28 1.22 5309 995 2.54 ** 
3 4 1.22 1.34 1266 995 -0.08  
4.3. Group composition 
Besides group size also the composition of genders within the group is found to influence the adopted minimum 
distance headway. Table 4 shows that groups consisting of only females adopt a smaller distance headway than 
mixed group or groups consisting of only males. This trend was not expected by the authors. An explanation for this 
trend might be that a group consisting of only females accepts smaller distance headway but not smaller time 
headways. Since their average walking velocity is also smaller than that of men, their actual time headway is larger 
than for groups in which also men are present. Another explanation might be that women have the tendency of 
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touching other pedestrians (i.e. hold hands or link arms) they are well-acquainted with and as such groups of females 
walk closer together.  
Table 4. Influence of group composition on velocity
Group 
Composition 1 
Group 
Composition 
ȝ1 ȝ 2 SS1 SS2 t-statistic Significance 
Female Mixed 1.11 1.28 5888 4345 -14.34 ** 
Female Male 1.11 1.18 5888 7295 -6.26 ** 
Male Mixed 1.18 1.28 7295 4345 -8.38 ** 
5. Conclusions and discussion 
In this paper the microscopic movement dynamics of individuals and groups of pedestrians during a large public 
event in the Netherlands have been evaluated. Trajectories derived from recorded video sequences are used to 
compute both the walking velocity and minimum distance headway adopted by pedestrians while freely moving in a 
bi-directional flow across a bridge. The analyses show that age and gender of pedestrians influence the movement 
dynamics of the individual and the group. It is also found that the size and the composition of age and gender within 
a group do have an effect on the movement dynamics of the entire group. The adopted minimum distance headway 
is affected by the mentioned characteristics. As a result, this paper concludes that the presence of groups does 
severely influence the dynamics of crowd movements. Flow breakdown is expected at lower densities for crowd 
movements where groups are present. As a consequence, the presence of groups should be taken into account in the 
assessment, prediction and management of crowd movement. 
Since the findings in this paper are based on specific datasets featuring only one crowd movement situation (i.e. 
a bi-directional flow situation during a large-scale event), more research into the microscopic flow dynamics of 
pedestrians with respect to distinct flow situations and environments is needed in order to establish the extent to 
which crowd dynamics are affected by the presence of groups in other movement situations. 
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